Background: Colonoscopy is the gold standard for adenoma detection. All endoscopists who perform colonoscopy must by mandate be skilled to perform polypectomy. However, there are significant differences between endoscopists in terms of the polyp detection rate and in the effectiveness of polypectomy. Summary: Most polyps identified can be managed by conventional polypectomy and do not pose a significant challenge for resection to an adequately skilled and trained endoscopist. Up to 15% of polyps may be considered "difficult", unsuitable for conventional endoscopic removal because of size, morphology, site, or access grade. Endoscopist-, patient-and polyp-specific viewpoints influence the management of difficult polyps. Advances in endoscopic resection techniques have led to extended indications for polypectomy. Conventional endoscopic removal of colorectal polyps is associated with a small but not negligible incidence of complications, most commonly bleeding and perforation. Advanced techniques for difficult polyps can potentially cause significant, even life-threatening complications. In addition, in the presence of "difficult" polyps, complications are more common. Key Messages: Multiple techniques are now available for the resection of difficult polyps. The endoscopist should individualize the appropriate approach for the treatment of difficult polyp in order to maximize oncological safety, efficacy and minimize complications and unnecessary surgery.
Introduction
Colonoscopy is the gold standard for polyp detection. It has been clearly established that professionally performed endoscopic polypectomy reduces the incidence of colorectal cancer and mortality by decreasing the subsequent development of colorectal cancer [1, 2] . The outcome quality and the degree of safety provided by colonoscopy are mainly influenced by the technical skill and experience of the endoscopist in identifying and removing polyps. It has been shown that there is important difference between endoscopists for detection rates of conventional and sessile serrated polyps [3, 4] .
The vast majority of polyps identified are small, can be managed by conventional polypectomy and do not cause a significant challenge for resection to an adequately Dig Dis 2019;37:394-399 DOI: 10.1159/000495694 skilled and trained endoscopist. However, up to 15% of colorectal polyps may be considered "difficult" and unsuitable for conventional endoscopic removal because of size, morphology, site, or access grade.
"Difficult" Colon Polyp: Definition
In the everyday practice, the definition of a "difficult" colon polyp is not well established. A "difficult" colon polyp can be defined as any polyp that is difficult to remove for an average endoscopist. A "difficult" colorectal polyp may be characterized by the size, morphology, location, number and the difficult assessment of the grade of malignancy before removal [5] [6] [7] [8] . The main characterization of the "difficult" colorectal polyp is summarised by Table 1 .
Usually many "difficult" colorectal polyps can be removed by an advanced endoscopist. In clinical practice, any polyp referred to a more experienced endoscopist following an index colonoscopy may be considered "difficult". In more objective way, polyps that are larger than 1.5-2 cm are flat or laterally spreading, located in right colon or cecum, located around haustral folds and are difficult to access should always be considered "difficult". The endoscopic removal of large pedunculated polyps with large and thick stalk in the left colon or sigmoid are associated with increased risk of bleeding because from large vessels within the pedicle. Therefore, these polyps should also be considered "difficult" [9, 10] . Polypectomy of a giant pedunculated colorectal polyp (greater than 3 cm) is also technically demanding because of the relative risk of invasive cancer and post-polypectomy bleeding, and therefore, each case should be individually evaluated in a specialist unit for feasibility of endoscopic resection [11, 12] . An important study focusing on polyp-specific risk factors (English Bowel Cancer Screening Programme) has confirmed that the greatest risk factor for both post-polypectomy bleeding and perforation is polyp size [13] . Further, the number of polyps also satisfies the concept of "difficult" as the incidence of complications and recurrence correlates with the number of advanced colorectal adenomas [14] .
Management of "Difficult" Colorectal Polyps

General Considerations
During earlier times, the management of a "difficult" colorectal polyp several aspects had to be taken into account ( Table 2 ). In particular, in patients with advanced age, the natural history of polyps (slow growth and slow malignant transformation) and significant comorbidities should determine the therapeutic approach. During colonoscopy, the malignant potential of any discovered colorectal polyp should be also evaluated. Induration, ulceration, friability, fixity, and non-lifting sign are the major endoscopic, macroscopic features of malignancy, while polyp size, villous histology and high-grade dysplasia on initial biopsy are strong histologic predictors of malignancy [8] . [5] [6] [7] [8] . Table 2 . General considerations before management of "difficult" colorectal polyps* -Patient age and significant comorbidities -Polyp size, number, morphology location -Natural history of polyps -Malignant potential of any discovered polyp -Index histology, presence or absence of high grade dysplasia -Macroscopic features of malignancy: ulceration, induration, friability, fixity, non-lifting sign -Adequately skilled and trained endoscopist * According to reference [8] . Endoscopic Resection Many different endoscopic resection techniques are available. Polypectomy techniques have continued to develop over time. Advances in endoscopic resection have led to expanded indications for endoscopic polypectomy. The indication for the different techniques is mainly based on the size, morphology of the lesion and on the risk of submucosal invasion. Based mainly on the European Society of Gastrointestinal Endoscopy (ESGE) consensus guideline, nowadays we have a better understanding of how to perform safe and effective polypectomy [15] [16] [17] . Because most "difficult" polyps are benign, endoscopic treatment should be preferred whenever possible rather than surgery. However, endoscopic polyp resection should be done by following a standardized approach. It has been suggested that the main steps leading to a successful polypectomy are the following: accurately locate the polyp, determine the number of polyps and size of polyps, analyse the polyp's shape and surface, position the polyp before resection, estimate polyp resectability and asses the skill of the endoscopist. Moreover, all essential equipment and accessories necessary for successful polypectomy should be available [5] [6] [7] [8] . In clinical practice, most polyps identified at colonoscopy are small and not malignant, and therefore, are amenable to almost all endoscopists to conventional polypectomy. However, the management of complex and "difficult" colorectal polyps varies in practice. In the presence of a "difficult" polyp, usually a repeated colonoscopy by an experienced endoscopist in sophisticated polypectomy is suggested. Further, collaboration with specialists in complex polypectomy may be essential in determining the appropriate management of "difficult" polyps [18, 19] .
Conventional Polypectomy
Diminutive polyps (1-5 mm in size) represent the majority of colorectal polyps. Approximately 80% of all polyps recognized during colonoscopy are considered diminutive [17, 20] . As diminutive colorectal polyps are at low risk for malignancy, different strategies have been proposed. The "diagnose and leave behind" strategy means that if diminutive polyps are located in the rectosigmoid, resection is not always mandatory when the lesion is predicted with high confidence to be hyperplastic. For all other diminutive polyps, endoscopic polypectomy and histopathological examination are suggested. The "resect and discard" strategy is a matter of discussion. This strategy is recommended only for expert centres [16] . The ESGE guideline recommends cold snare polypectomy (CSP) as the preferred technique for removal of diminutive polyps (size ≤5 mm) because it has been reported to be superior to cold biopsy forceps in terms of complete resection. CSP has low complication rates and adequate tissue sampling for histology [15] . Although strong evidence comparing efficacy with hot snare polypectomy is lacking, ESGE suggests CSP for sessile polyps in size 6-9 mm because of its better safety profile [15] .
Conventional snare polypectomy for "difficult" polyps has been demonstrated to be feasible, effective and safe. Studies on patients with "difficult" polyps referred directly to the colorectal surgeons for resection have demonstrated that during repeated colonoscopy, effective snare polypectomy was possible in 32-74% of cases [8] . The ESGE guideline recommends hot snare polypectomy for pedunculated polyps. For prevention of bleeding in "difficult" pedunculated polyps (with head ≥2 cm or a stalk ≥1.5 cm), injection of dilute adrenaline and/or mechanical hemostasis is recommended [15] . It has been shown that the use of endoloops or endoclips (mechanical prophylaxis) can be superior to adrenaline injection and combination of mechanical prophylaxis with adrenalin injection significantly decreased post polypectomy bleeding in comparison with injection alone [21] [22] [23] . ESGE recommends that large (≥2 cm), sessile and laterally spreading "difficult" polyps should be always treated and removed by trained and experienced endoscopist in appropriately resourced tertiary endoscopic centre. Effective risk stratification of "difficult" polyps can provide important information on the polyp complexity and complication rates of endoscopic resection. This strategy can be effectively used not only for service planning but also providing prognostic information for patients [15, [24] [25] [26] .
Advanced endoscopic resection techniques should be considered for "difficult", complex polyps that are not amenable to conventional snare polypectomy. In cases of suspected superficial invasive carcinoma, "en bloc" resection techniques such as endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) or surgery are indicated. The main criteria of effective and curative endoscopic treatment are the following: en bloc R0 resection, well differentiated adenocarcinoma, < 1 mm submucosal invasion and absence of lymphovascular invasion [15, 27] .
Endoscopic Mucosal Resection
EMR, first developed in Japan, is an endoscopic technique that refers to the removal of a mucosal lesion confined to the superficial layers. In toto resection rates are higher for pedunculated polyps than that for sessile of flat lesions. EMR is a technique where fluid is injected into the submucosal space, creating a submucosal layer between the muscularis propria and submucosal space. EMR is typically used for the removal of lesions smaller than 2 cm or piecemeal removal of larger lesions. For large lesions, incomplete resection is common, which can lead to local recurrence. Therefore, when performing EMR, en bloc resection is preferred to "piecemeal" polypectomy. En bloc resection provides more exact histologic evaluation and is associated with lower recurrence rates. Piecemeal polypectomy is recommended for the resection of sessile or flat polyps larger than 2 cm. During piecemeal polypectomy, it is suggested that the resection be started at the proximal part of the polyp and then finished distally [6, [28] [29] [30] . In a meta-analysis, Belderbos et al. [31] included 33 studies and concluded that the overall recurrence for EMR was 15%, while local recurrence rate was 3% for en bloc resection and 20% for piecemeal resection. According to a more recent meta-analysis including 50 studies with 6,442 patients and 6,779 "difficult" polyps, the endoscopic cure rate for these large and complex polyps measuring > 2 cm was as high as 96%. Endoscopic perforation occured in 1.5%, bleeding in 6.5%, and the rate of progression to surgery was only 8% [32] . Despite these positive outcomes, piecemeal polypectomy has important limitations. A piecemeal specimen can limit adequate pathological examination and this may lead to the inability to identify focal submucosal invasion; therefore, piecemeal EMR does not allow completeness of resection unlike en bloc resection. Accordingly, the risk of lymph node metastases could be underestimated, resulting in non-curative therapy without recommending definitive surgical resection. Based on these, according to the ESGE definition, a successful EMR should be defined endoscopically only if there is an absence of neoplastic tissue at the completion of the procedure after careful inspection of the post-EMR mucosal defect and margin. Table 3 summarizes the main benefits and limitations of EMR. Due to deficiencies of EMR, ESGE recommends that after EMR surveillance, colonoscopy by advanced imaging and systematic biopsy is mandatory [15] .
Endoscopic Submucosal Dissection ESD was initially described in 1988 for the resection of gastric lesions and later adopted for "difficult" colorectal polyps [33] . ESD can be considered for colorectal lesions that otherwise cannot be optimally and radically removed by snare-based techniques, particularly if the lesions are larger than 2 cm. ESD enables en bloc (in toto) resection of large superficial colorectal polyps regardless of their size and location [34, 35] . The complete resection rates in Japan reach 95%, whereas in Europe they are not more than 70-80%. ESD has a higher en bloc resection rate and local recurrence rate in comparison with EMR [36, 37] . However, ESD is time consuming, technically difficult, often requires post-procedural multiday hospitalisation, and in Western countries, a limited number of endoscopists have sufficient experience with this procedure. In addition, ESD is associated with a higher risk of bleeding (10-20%) and perforation (5-10%; Table 3 ) [38] [39] [40] . Surgery Surgery, particularly laparoscopic colorectal resection is currently a widely accepted treatment for "difficult" and complex polyps not amenable to endoscopic removal. According to ESGE recommendation, polyps with characteristics of deep submucosal invasion (proven by advanced endoscopic imaging techniques) should be referred for surgery [15] . Laparoscopic resection is a real alternative to ESD or EMR with high risk. In most cases, local lymph node metastasis can also be removed during laparoscopic surgery. However, laparoscopic resection is associated with complication rates of over 15%. Conversion to open surgery is necessary in less than 5%. Therefore, the benefit and risk of laparoscopic surgery should be always taken into account. The potential risks of laparoscopic resection may outweigh the potential risk of lymph node metastasis if the "difficult" polyps are not resected en bloc. Until now, no important study showed that ESD has better results and outcomes in comparison with surgery [41] [42] [43] [44] [45] . For "difficult", endoscopically unresectable rectal polyps, transanal excision is the method of choice. It has been shown that transanal endoscopic microsurgery and transanal minimally invasive surgery are effective techniques for the surgical removal of these polyps [46, 47] .
Combined Methods: Future Directions
Combined endoscopic-laparoscopic surgery is a novel resection technique aimed to resect "difficult" polyps while preserving the colon without a formal resection. Two techniques have been described. Laparoscopic-assisted colonoscopic polypectomy involves external manipulation of the polyp for adequate orientation. The colonoscopic-assisted laparoscopic resection involves endoscopic localisation of the polyp margins. Feasible preliminary data are promising: 70-87% of polyps not amenable to routine snare polypectomy can be successfully removed with these techniques [8, 35, 48] .
Endoscopic full thickness resection (EFTR) is another novel treatment of "difficult" and complex polyps not amenable to conventional endoscopic resection [49] . In a recent study, EFTR was technically successful in 89.5% in patients with difficult adenomas and benign histology, R0 resection rate was 77%, with adverse event of 10%, including 2% rate of emergency surgery [50] . Data comparing the effectiveness and safety of combined endoscopic-laparoscopic surgery and EFTR with ESD or surgery is lacking; therefore, further comparative studies are needed to evaluate the real clinical impact and long-term outcome of these new combined techniques in the treatment of "difficult" polyps.
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